AR ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2019,30(4):1078—-1093 [doi: 10.13328/j.cnki.jos.005419] http://www.jos.org.cn
O [ Fh 22 I8 B IT 5L P RSP A Tel: +86-10-62562563

STt S MRS ARSI IE
Tew! Emgl gE2x I &'

'R R EERSES TREZR,ILAR BFi 250022)
ALK FEMBESEARERLAR R 250101)
JEAE#: EHE, E-mail: ise_wanglin@ujn.edu.cn

B E: SRR RAE X R4S — xS AT 1) ) 7R ) — AN BB R AR R I, X G — BB 1A A R A
FXENEEWEANAHBEALNTAETFIRT BB ARG FTOEEEREI. A TFEI B OEEAZELIN.
F T AL R LS 49 Z SR R A0 K LA S AR S R AR T A4 B SR AR A X L LR AL T
HABANALE K B3| 1Rk B KT R2AEG & F RIBE I 5 2 B B4 TR a9 IR AR A BT L NG HAE AT B
I SR EAF AL X sb, 32 ik & &) KIUAEHIE AR EH AR R L NG oA RITB Ik 2 B R 6 LKA 3E
R RETA segment A B RBMIEESIE LA X IF 6 L) % BIRWAE FFAR %+ F 7 2d5F
A7 77 KA KIUALE IS AVAT R 2 I fo T L IR LA R, E A FRIEE LT A, TR ARER &
A

SRR B BB IE AR X A XATIR A %

hEES S TP311

sl A T B R, B BV, T 0, B 4 AR 22 B0 T A B AR A2 R R 229 ,2019,30(4):1078-1093. http://
www.jos.org.cn/1000-9825/5419.htm

B35 F#% G Yu ZQ, Yu XH, Dong JW, Wang L. Distributed mining of frequent co-occurrence patterns across multiple data
streams. Ruan Jian Xue Bao/Journal of Software, 2019,30(4):1078—1093 (in Chinese). http://www.jos.org.cn/1000-9825/5419.htm

Distributed Mining of Frequent Co-occurrence Patterns across Multiple Data Streams
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Abstract: A frequent co-occurrence pattern across multiple data streams refers to a set of objects occurring in one data stream within a
short time span and this set of objects appear in multiple data streams in the same fashion within another user-specified time span. Some
real applications, such as discovering groups of cars that travel together using the city surveillance system, finding the people that are
hanging out together based on their check-in data, and mining the hot topics by discovering groups of frequent co-occurrence keywords
from social network data, can be abstracted as this problem. Due to data streams always own tremendous volumes and high arrival rates,
the existing algorithms being designed for a centralized setting cannot handle mining frequent co-occurrence patterns from the large scale
of streaming data with the limited computing resources. To address this problem, FCP-DM, a distributed algorithm to mine frequent
co-occurrence patterns from a large number of data streams, is proposed. This algorithm first divides the data streams into segments, and

then constructs a multilevel mining model in the distributed environment. This model utilizes multiple computing nodes for detecting
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massive volumes of data streams in a parallel pattern to discover frequent co-occurrence patterns in real-time. Finally, extensive
experiments are conducted to fully evaluate the performance of the proposal.

Key words: multiple data stream; frequent co-occurrence pattern; distributed mining algorithm
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X FHUHE o B2 AT R BT R R PEP B AT [wy, wi JE A K segment, B84 4 [wy, w8 PE? Bt
REf% AL 32 SegmentEvent [ key 1B 3 [ B 45 45 U= B 48 TH B 88 00 PEV AR PE ¥ key B0 Y0 ] 1) K 36 AH 2
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FCHI TR FCP, AT SEBI 2 304 I FCP 1 3% 223 S 42 48 . fift e X — ) i, A SC i 7 T Incremental-mining 575
25 BRI O ARTE 6T — AN A2 1 segment, Incremental-mining 5092 1 %6 4 1% segment [IFTE CP,, 2 J5 %t
Riff) PE ¥ CP, 5 O £l AT LU X 158 FCP, AR )G, 2 T Apriori 5 & AR, B1XF RLIK) PE X FCP, Ft BEA4 AL,
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segment (AL F T FE R A /0 & PE 2 55, K v 45 4 11 5 R UK.

Incremental-mining &3%.

i N\ :segment G;
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CP-PE ¥\ FCP._\ ¥ FCP._, 5 CF FCP. #47 R & MK CP;;
K% CP, % FCP-PE,

10. If (CP; /& FCP) //H FCP-PE 4T

1. ¥ FCP, 2454 H,;

12.  KRi% FCP, &%} Bif¥] CP,,-PE;

13. End If

14. End For

P 6 4; i 7 FCP-DMDF I Fl H] Incremental-mining 1% & B FCPs (11— ANl 1 76 1% 51 1 MR 5 i S,
% S; 1 segment L ALEE, SIS BHE IR S;y P4 — N FTI segment(Gyiy), T M A& K F Incremental-mining 532 &
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segment,PartitionPE ERHAFWA CP,.CP,-PE ¥k A AFREIRFMAEFE CP, Kik%E FCP,-PESXJG H
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Rif) PE,1Z:5 8 B4~ PE (RSN [A] %xth (ty FoRRIE FCP;—NFHEMEIA)); px Co A FCP 2%

T px C A CPoy LA PE A0 CPy 275K FCPyy (it ]y 22Cn

xt, BIL KT G A FCP

z

A S PGy o P2 T o e 1,909 5 B Incremental-mining SEVE B LR o )42
i=1 z z

© HFBIERAIEIFIDN  hipsswww. jos. org. en



1088 Journal of Software A3 4R Vol.30, No.4, April 2019

z

R 0["”2 j

mx2"

H AR Incremental-mining H iR EIRIE I T RN A1 & 24 N 0[ ],@E%iﬁﬁﬁﬁﬂﬂj%d‘ﬁg,ﬁ

z

mr.

(1) ESHEBLR p AR /N B I ZEA N1 FCP s /N CL, B pxCl < Ch;

(2) Incremental-mining HIEIE4T7E 2 MLV AT S 2 B RS R K E I PE SEILXT FCP, I 3F4T R,
P8 KR 5 5 v S 1] DR e, B SR 22 R PE RO SR R (R 2 (B AROK), v SR ) I 5 S 6 3 4 o
10 Ao gs i —3

5 £ B

56, A SCHT Apache JFIR IR AR AL LS & S4PUSIIL T FCP-DMDF.S4 #1918 4L B ¥ G FR A PE, B4
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i) Event, W12 2 [ PE tR4E Event 1288 H key {E #5 T6i2 40 B2 1% Event, JIF 4 S4 ¥ H 3 i —A~H7 PE R4k
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Table 1 Comparison of FCP-DM and CooMine w.r.t. the number of discovered FCP
% 1 FCP-DM Al CooMine §% 4 45 A Lh#%

FCP-DM CooMine
k=2 k=3 k=4 k=2 k=3 k=4
=3 953 54 7 6=3 953 54 7
=4 182 7 0 =4 182 7 0
0=5 32 2 0 0=5 32 2 0
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FE A0 20 4 /b BT & FRATI B WA R FCP & P S50 01 % FCP [WH0E 7= A B M, ] 16 Frs 3256 45
RFA B OE K FCP BE R /N, a2 Ui, an S - Bk — 2 FCP kB I 0 B4 I 4 22 38 4 IX R 11
FCP A& /b 58 48 R FE R & T, H 31, FCP-DM 509k O B FH 2 1L R Bt i B ae S @ 4 A B 7 6.1
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Fig.17 Demonstration of applying FCP-DM (1) Fig.18 Demonstration of applying FCP-DM (2)
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